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through silicon via (TSV) interconnect. An exemplary
embodiment of the semiconductor package with a TSV
interconnect includes a semiconductor substrate, having a
front side and a back side. A contact array 1s disposed on the
front side of the semiconductor substrate. An 1solation
structure 1s disposed 1n the semiconductor substrate, under-
lying the contact array. The TSV interconnect 1s formed
through the semiconductor substrate, overlapping with the
contact array and the i1solation structure.
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SEMICONDUCTOR PACKAGE WITH
THROUGH SILICON VIA INTERCONNECT

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a divisional of U.S. application Ser. No. 13/855,
873, filed on Apr. 3, 2013, which claims the benefit of U.S.

Provisional Application No. 61/622,779, filed on Apr. 11,
2012. The entire contents of the related applications are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present imnvention relates to a semiconductor package
with a through silicon via (TSV) interconnect, and 1n par-
ticular, to an etch-stop structure for a semiconductor pack-
age with a through silicon via (ISV) interconnect.

Description of the Related Art

In electronic engineering, a through silicon via (ISV) 1s
a vertical electrical connection passing completely through
a silicon water or die. A TSV 1s a high performance
technique, when compared to alternatives such as package-
on-package, used to create three-dimensional (3D) semicon-
ductor packages and 3D integrated circuits. The density of a
TSV wvia i1s substantially higher than alternatives as the
length of connections thereby are shorter.

The conventional TSV technique for forming a semicon-
ductor package comprises forming an opening through
dielectric layers of an interconnect structure and/or a semi-
conductor substrate of the semiconductor package. A con-
formal liner and a barrier seed layer are formed on sidewalls
and a bottom of the opening. A conductive material such as
copper (Cu), fills the opening to form a TSV. Currently,
several TSV opening etching processes, comprising a via
last etching process and a via middle etching process, can be
selected to form TSVs. The last TSV via etching process 1s
performed from a back side of the semiconductor substrate
and 1s required to stop at contacts of the interconnect
structure. However, poor selectivity between a semiconduc-
tor substrate (S1) and dielectric layers (Oxide) of the inter-
connect structure will cause a rough interface and make 1t
difficult to control the etching profile of the TSV opening. As
a result, the conductive material (Cu) filled 1n TSV opening
will diffuse outwardly to contaminate a device.

Thus, a novel etch-stop structure for a semiconductor
package with a TSV interconnect 1s desirable.

BRIEF SUMMARY OF THE INVENTION

A semiconductor package with a through silicon wvia
(TSV) mterconnect 1s provided. An exemplary embodiment
of a semiconductor package with a through silicon via
(TSV) interconnect includes a semiconductor substrate, hav-
ing a front side and a back side. A contact array 1s disposed
on the front side of the semiconductor substrate. An 1solation
structure 1s disposed 1n the semiconductor substrate, under-
lying the contact array. The TSV interconnect 1s formed
through the semiconductor substrate, overlapping with the
contact array and the 1solation structure, wherein the 1sola-
tion structure comprises shallow trench isolation (STI1) fea-
tures, and the contact array comprises contacts, wherein the
STI features avert overlapping with the contacts.
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Another exemplary embodiment of a semiconductor
package with a through silicon via (TSV) interconnect
includes a semiconductor substrate, having a front side and
a back side. A contact array 1s disposed on the front side of
the semiconductor substrate. The TSV interconnect 1s
formed through the semiconductor substrate, underlying the
contact array. An 1solation structure 1s disposed in the
semiconductor substrate, wherein the isolation structure 1s
located between two contacts from a top view.

A detailed description 1s given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

The invention can be more fully understood by reading
the subsequent detailed description and examples with ref-
erences made to the accompanying drawings, wherein:

FIG. 1 1s a cross section of one exemplary embodiment of
a semiconductor package with a through silicon via (TSV)
interconnect of the invention.

FIG. 2 1s an enlarged view of one exemplary embodiment
ol an etch-stop structure for a semiconductor package with
a through silicon via (TSV) interconnect of the mnvention as
shown 1n FIG. 1.

FIG. 3 1s an enlarged view of another exemplary embodi-
ment of an etch-stop structure for a semiconductor package
with a through silicon via (TSV) interconnect of the imven-
tion as shown in FIG. 1.

FIG. 4 1s an enlarged view of yet another exemplary
embodiment of an etch-stop structure for a semiconductor
package with a through silicon via (TSV) interconnect of the
invention as shown i FIG. 1.

DETAILED DESCRIPTION OF INVENTION

The following description 1s a mode for carrying out the
invention. This description i1s made for the purpose of
illustrating the general principles of the invention and should
not be taken 1n a limiting sense. The scope of the invention
1s best determined by reference to the appended claims.
Wherever possible, the same reference numbers are used 1n
the drawings and the descriptions to refer the same or like
parts.

The present invention will be described with respect to
particular embodiments and with reference to certain draw-
ings, but the invention i1s not limited thereto and 1s only
limited by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size of
some ol the elements may be exaggerated and not drawn to
scale for illustrative purposes. The dimensions and the
relative dimensions do not correspond to actual dimensions
to practice the imvention.

FIG. 1 1s a cross section of one exemplary embodiment of
a semiconductor package 600 with a through silicon via
(TSV) mterconnect 212 of the invention. In this embodi-
ment, the semiconductor package 600 1s fabricated by via
last TSV technology. The TSV iterconnect 212 etches from
a back side 203 of a semiconductor substrate 200 and stop
at contacts of an interconnect structure 222. As shown 1n
FIG. 1, the semiconductor package 600 comprises a semi-
conductor substrate 200 having a front side 201 and a back
side 203. In one embodiment, the semiconductor substrate
200 may comprise silicon. In alternative embodiments, an
S1Ge, bulk semiconductor, strained semiconductor, com-
pound semiconductor, silicon on insulator (SOI), and other
commonly used semiconductor substrates can be used for
the semiconductor substrate 200. The semiconductor sub-
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strate 200 may have a desired conductive type by implanting
p-type or n-type impurities therein. An integrated circuit
device 220, such as a transistor, 1s formed on the front side
201 of the semiconductor substrate 200. As shown 1n FIG.
1, the mtegrated circuit device 220 1s 1solated from other
devices (not shown) by shallow trench 1solation (STI) fea-
tures 205 formed 1n the semiconductor substrate 200. An
interconnect structure 222 1s formed on the front side 201 of
the semiconductor substrate 200, in a dielectric layer lami-
nating structure 208. In one embodiment, the interconnect
structure 222 electrically connects to the integrated circuit
device 220. In one embodiment, the interconnect structure
222 may be constructed by contacts, via and metal layer
patterns, and the metal layer patterns are disposed vertically
between the contacts and via and/or vias 1n different layer
levels. The number of metal layer patterns 1s defined by
design for the mtegrated circuit device 220 and the scope of
the 1nvention 1s not limited.

A first passivation layer 230 1s formed covering a top of
the interconnect structure 222. The redistribution pattern
224 15 formed through the first passivation layer 230 by a
photolithography, plating and patterning process. In this
embodiment, the redistribution pattern 224 1s formed of
aluminum (Al). A solder mask layer 234 1s disposed on the
top of the interconnect structure 222, covering the redistri-
bution pattern 224. A first conductive bump 226 i1s formed
over the front side 201 of the semiconductor substrate 200.
Also, the first conductive bump 226 1s formed through the
solder mask layer 234 to connect to the redistribution pattern
224 by a patterming and solder-reflow process. In one
embodiment, the first conductive bump 226 may comprise a
solder ball, metal pillar or combinations thereof. Also, a
second passivation layer 232 1s formed covering the solder
mask layer 234 and the first conductive bump 226. A TSV
interconnect 212 formed through the semiconductor sub-
strate 200 1s electrically connected to the interconnect struc-
ture 222. A second conductive bump 228 1s formed below
the back side 203 of semiconductor substrate 200 and 1s
clectrically connected to the TSV interconnect 212.

It 1s noted that the semiconductor package 600 comprises
an etch-stop structure 500 for the TSV interconnect 212. The
etch-stop structure 500 1s disposed vertically between the
contacts of the interconnect structure 222 and the TSV
interconnect 212. The etch-stop structure 500 may provide
additional features formed of materials other than the con-
tacts of the interconnect structure 222 and the semiconductor
substrate 200. Therefore, an opening of the TSV intercon-
nect 212 may stop at the contacts of the interconnect
structure 222 during the TSV etching process from the back
side 203 of the semiconductor substrate 200.

The etch-stop structure 500 may have various arrange-
ments. FIG. 2 1s an enlarged view of one exemplary embodi-
ment of the etch-stop structure 500 as shown 1n FIG. 1. In
this embodiment, the etch-stop structure shown 1n FIG. 2 1s
labeled as the etch-stop structure 300a. As shown 1n FIG. 2,
the etch-stop structure 500q 1s disposed directly under a
contact array 211 comprising a plurality of contacts 210
disposed on the front side 201 of the semiconductor sub-
strate 200. In this embodiment as shown in FIG. 2, the
ctch-stop structure 500a may comprise a single 1solation
structure 202, such as an STI, disposed in the semiconductor
substrate 200, underlying the contact array 211. In one
embodiment, the single isolation structure 202 may be
formed with the STI features 205 as shown in FIG. 1,
simultaneously. Also, a gate structure 204 1s disposed on the
front side 201 of the semiconductor substrate 200, between
the contact array and the single STI feature 202. Also, the
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gate structure 204 1s disposed directly on the single STI
teature 202. In one embodiment, the gate structure 204 may
be formed with a gate structure of the integrated circuit
device 220 as shown in FIG. 1, simultaneously. In one
embodiment, the gate structure 204 1s formed of poly
materials or high dielectric constant (k>10) metal materials
A salicide layer 206 1s formed on the gate structure 204.
Therefore, the contact array 211 lands on and contacts to the
salicide layer 206 after a formation process of the contact
array 211.

In this embodiment as shown 1n FIG. 2, the TSV inter-
connect 212 1s underlying the contact array 211, overlapping
with the contact array 211 and the single 1solation structure
202. A boundary Al of the gate structure 204 surrounds the
contact array 211 and the TSV interconnect 212. Also, a
boundary A2 of the single 1solation structure 202 surrounds
the boundary Al of the gate structure 204 and surrounds the
TSV interconnect 212. During the etching process of the
TSV opening of the TSV interconnect 212 directly under-
lying the contact array 211, the single 1solation structure 202
formed of oxide has a high etch selectively to the semicon-
ductor substrate 200, which 1s formed of a semiconductor
material such as silicon. The single 1solation structure 202
may serve as an etch end-point provider during the etching
process of the TSV opening. Therefore, the single 1solation
structure 202 may facilitate the etching process of the TSV
opening by using another etch gas with an etch rate slower
than the semiconductor substrate 200 to etch the single
1solation structure 202 when the end-point (the single 1so0-
lation structure 202) 1s detected. Further, the gate structure
204 15 formed directly on the single 1solation structure 202,
the gate structure 204 formed of poly or metal materials has

a high etch selectively to the single 1solation structure 202
formed of oxide. Therefore, the etching process of the TSV
opening can easily stop at the gate structure 204. Also, a
smooth bottom of the TSV opening can be obtained to
facilitate a conformal liner 207 and a barrier seed layer 209
to be deposited thereon to prevent the Cu out diffusion
problem of the conventional TSV interconnect. In this
embodiment, the resulting TSV interconnect 212 formed
through the single 1solation structure 202 may be embedded
in a portion of the gate structure 204.

FIG. 3 1s an enlarged view of another exemplary embodi-
ment of an etch-stop structure 500 for a semiconductor
package 600 with a through silicon via (TSV) interconnect
of the invention as shown 1n FIG. 1. In this embodiment, an
etch-stop structure as shown in FIG. 3 i1s labeled as the
ctch-stop structure 50056. As shown 1n FIG. 3, the etch-stop
structure 5005 1s disposed underlying the contact array 211
comprising a plurality of contacts 210 disposed on the front
side 201 of the semiconductor substrate 200. In this embodi-
ment, the contact array 211 1s formed landing on the front
side 201 of the semiconductor substrate 200. Therefore,
bottoms of the contacts 210 align to the front side 201 of the
semiconductor substrate 200. As shown in FIG. 3, the
etch-stop structure 5005 may comprise a plurality of 1sola-
tion structures 302, such as STI features, disposed in the
semiconductor substrate 200, underlying the contact array
211. In one embodiment, the 1solation structures 302 may be
formed with the STI features 205 as shown i FIG. 1
simultaneously. In this embodiment, the 1solation structures
302 and the contacts 210 are alternatively disposed, when
viewed from a top view (not shown). That 1s to say, the
1solation structure 302 1s located between two contacts 210
from a top view. The 1solation structures 302 beneath the
contacts 210 are designed to avert overlapping with the
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contacts 210 to ensure that the resulting TSV interconnect 1s
clectrically connected to the contacts 210.

In this embodiment as shown in FIG. 3, the TSV inter-
connect 212 1s underlying the contact array 211, overlapping
with the contact array 211 and the 1solation structures 302.
A boundary A3 of the 1solation structures 302 1s designed to
surround the TSV interconnect 212 and the contact array
211. Duning the etching process of the TSV opening of the
TSV iterconnect 212 directly underlying the contact array
211, the 1solation structures 302 formed of oxide have a high
ctch selectively to the semiconductor substrate 200, which 1s
formed of a semiconductor material such as silicon. The
1solation structures 302 may serve as an etch end-point
provider during the etching process of the TSV opening.
Therefore, the 1solation structures 302 may facilitate the
etching process of the TSV opening by using another etch
gas with an etch rate slower than the original etch rate to etch
a portion of the semiconductor substrate 200, which 1s close
to the 1solation structures 302, when the end-point (the
isolation structures 302) i1s detected. Further, the etching
process of the TSV opening can easily stop at the front side
201 of the semiconductor substrate 200. Also, a smooth
bottom of the TSV opening can be obtained to facilitate a
conformal liner 207 and a barnier seed layer 209 to be
deposited thereon to prevent the Cu out diflusion problem of
the conventional TSV interconnect. In this embodiment, a
bottom of the resulting TSV interconnect 212 may align to
the front side 201 of the semiconductor substrate 200.

FIG. 4 1s an enlarged view of yet another exemplary
embodiment of an etch-stop structure 500 for a semicon-
ductor package 600 with a through silicon via (IT'SV) inter-
connect of the invention as shown i FIG. 1. In this
embodiment, an etch-stop structure as shown i FIG. 4 1s
labeled as the etch-stop structure 500c. As shown 1n FIG. 4,
the etch-stop structure 500c¢ 1s disposed underlying the
contact array 211 comprising a plurality of contacts 210
disposed on the front side 201 of the semiconductor sub-
strate 200. In this embodiment as shown 1n FIG. 4, the TSV
interconnect 212 1s directly underlying the contact array 211.
In this embodiment as shown in FIG. 4, the etch-stop
structure 500c may comprise the plurality of 1solation struc-
tures 302, such as STI features, disposed 1n the semicon-
ductor substrate 200, underlying the contact array 211. In
one embodiment, the 1solation structures 302 may be formed
with the STT features 205 as shown 1n FIG. 1 simultaneously.
A boundary A3 of the 1solation structures 302 1s designed to
surround the TSV interconnect 212 and the contact array
211. In this embodiment, the 1solation structures 302 and the
contacts 210 are alternatively disposed, when viewed from
a top view (not shown). That is to say, the 1solation structure
302 is located between two contacts 210 from a top view.
The 1solation structures 302 beneath the contacts 210 are
designed to avert overlapping with the contacts 210 to
ensure that the resulting TSV interconnect 1s electrically
connected to the contacts 210.

Also, 1n this embodiment as shown 1n FIG. 4, a plurality
of gate structures 304 1s disposed on the front side 201 of the
semiconductor substrate 200, vertically between the contact
array 211 and the TSV interconnect 212 1s a cross section
view as shown 1 FIG. 4. Also, the gate structures 304 are
designed to avert overlapping with the gate structures.
Therefore, the gate structures 304 are disposed laterally
between the 1solation structures 302 1s a cross section view
as shown in FIG. 4. In one embodiment, the gate structures
304 may be formed with a gate structure of the integrated
circuit device 220 as shown in FIG. 1 simultaneously. In one
embodiment, the gate structures 304 are formed of poly
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materials or high dielectric constant (k>10) metal materials
A plurality of salicide layers 306 1s formed on the gate
structure 304. The contacts 210 of the contact array 211
respectively land on and contacts to the salicide layers 306.

During the etching process of the TSV opening of the
TSV interconnect 212 directly underlying the contact array
211 overlapping with the contact array 211 and the 1solation
structures 302. The 1solation structures 302 formed of oxide
has a high etch selectively to the semiconductor substrate
200, which 1s formed of a semiconductor material such as
silicon. The 1solation structures 302 may serve as an etch
end-point provider during the etching process of the TSV
opening. Therefore, the 1solation structures 302 may facili-
tate the etching process of the TSV opening by using another
etch gas with an etch rate slower than the original etch rate
to etch a portion of the semiconductor substrate 200, which
1s close to the 1solation structures 302, when the end-point
(the 1solation structures 302) 1s detected. Also, the etching
process ol the TSV opening can be performed without
damaging the 1solation structures 302.

Further, the gate structures 304 are formed directly under
the contacts 210, the gate structure 204 formed of poly or
metal materials has a high etch selectively to the semicon-
ductor substrate 200, which 1s formed of a semiconductor
material such as silicon. Therefore, the etching process of
the TSV opening can easily stop at the gate structures 304,
which 1s formed on the front side 201 of the semiconductor
substrate 200, and the resulting TSV interconnect 212 may
contact to the gate structures 304 to electrically connect to
the contact array 211. In this embodiment, a bottom of the
resulting TSV 1nterconnect 212 may align to the front side
201 of the semiconductor substrate 200. Also, a smooth
bottom of the TSV opening can be obtained to facilitate a
conformal liner 207 and a barnier seed layer 209 to be
deposited thereon to prevent the Cu out diflusion problem of
the conventional TSV interconnect. Alternatively, the result-
ing TSV interconnect 212 may be embedded 1n a portion of
the gate structures 304.

Embodiments provide an etch-stop structure for a semi-
conductor package with a through silicon via (TSV) inter-
connect. In one embodiment, the etch-stop structure may
provide an additional single 1solation structure/multiple 1so-
lation structures vertically between the contact array and the
TSV interconnect to improve the “etch-stop” capability. The
ctch-stop structure 1s formed of materials other than the
contacts of the interconnect structure and the semiconductor
substrate. The 1solation structure may serve as an etch
end-point provider during the etching process of the TSV
opening. Therefore, the 1solation structure may facilitate the
etching process of the TSV opening by using another etch
gas with an etch rate slower than the original etch rate to etch
the semiconductor substrate close to the 1solation structures
when the end-point (the 1solation structure) 1s detected. Also,
the etching process of the TSV opening can be performed
without damaging the 1solation structure. Alternatively, the
etch-stop structure may comprise an additional gate struc-
ture directly under the contact. The gate structure formed of
poly or metal materials has a high etch selectively to the
semiconductor substrate, which 1s formed of a semiconduc-
tor material such as silicon. Therefore, the etching process of
the TSV opening can easily stop at the gate structure, which
1s formed on the front side of the semiconductor substrate,
and the resulting TSV interconnect may contact to the gate
structures 304 to electrically connect to the contact array.
Also, a smooth bottom of the TSV opening can be obtained
to facilitate a conformal liner and a barrier seed layer to be
deposited thereon to prevent the Cu out diflusion problem of
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the conventional TSV interconnect. Moreover, the etch-stop alternatively disposed, and each of the contacts 1s
structure can be applied to a memory and logic fabricated by located between the isolation structures, wherein bot-
the via last TSV technology. toms of the contacts lie on the front side of the
While the mmvention has been described by way of semiconductor substrate.
example and 1n terms of the preferred embodiments, 1t 1s to 5 2. The semiconductor package with TSV interconnects as
be understood that the invention 1s not limited to the claimed 1n claim 1, wherein the TSV interconnect contacts

disclosed embodiments. On the contrary, 1t 1s 1mtended to
cover various modifications and similar arrangements (as
would be apparent to those skilled 1n the art). Therefore, the
scope of the appended claims should be accorded the 10
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What 1s claimed 1s:

1. A semiconductor package with a through silicon via

to the contacts.
3. The semiconductor package with TSV interconnects as
claimed 1n claim 1, further comprising:
connecting structures disposed on the front side of the
semiconductor substrate, respectively overlapping with
the contacts; and

salicide layers respectively formed on the connecting
structures, wherein the contacts respectively contact to

(TSV) interconnect, comprising: 15 he salicide ]
a semiconductor substrate, having a front side and a back the salicide ayers. . .
< de: 4. The semiconductor package with TSV interconnects as

claimed 1n claim 3, wherein the TSV interconnect contacts
to the connecting structures.

5. The semiconductor package with TSV interconnects as
claimed 1n claim 3, wherein the 1solation structures avert
overlapping with the connecting structures.

6. The semiconductor package with TSV 1nterconnects as
claimed in claim 1, wherein a boundary of the 1solation
structures surrounds the contact array and the TSV inter-
connect.

a contact array, disposed on the front side of the semi-
conductor substrate;

a plurality of 1solation structures comprising shallow 20
trench 1solation (ST1) features, disposed in the semi-
conductor substrate, underlying the contact array; and

a TSV interconnect, through the semiconductor substrate,
overlapping with the contact array and the 1solation
structures, wherein the contact array comprises con- 25
tacts, the 1solation structures avert overlapping with the
contacts, and 1solation structures and the contacts are ¥k % k%



	Front Page
	Drawings
	Specification
	Claims

